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Abstract
Introduction: The last five decades have wit-
nessed a transition from brutal forms of physi-
cal torture to other physical and psychological 
methods that do not leave marks on the body. 
Providing evidence of these types of torture is 
often a challenge. Finding biological markers 
of torture would potentially contribute to 
solve this problem. 
Methods: Scientific literature review. 
Results: Methods to analyse certain bio-
logical marks present in the genetic material 
(the DNA), called epigenetic marks, have been 
developed in recent years. These marks can 
change in response to environmental factors, 
but these changes do not alter the genetic in-
formation contained in the DNA. Changes 
in epigenetic marks have been correlated 
with traumatic stress. Given that torture is an 
extreme form of trauma, this article argues 
that torture may also be associated with epi-
genetic changes. 
Discussion: Epigenetic methods offer a new 
tool that might be useful for the medico-le-
gal documentation of cases of torture. Given 
that these methods have not been used for this 
purpose yet, they should be tested. Whether 
they have potential to contribute to determine 
the severity of suffering, establish a severity 
threshold or design strategies for the rehabil-
itation of torture survivors is discussed. The 
advantages and limitations of these methods, 
as well as ethical implications, must be taken 
into account.
Keywords: severity of suffering, trauma, 
torture biomarkers, epigenetics, DNA meth-
ylation.
Introduction
A main element of the definition of torture 
in international human rights law instruments 
is the severity of physical or mental pain or 
suffering (Convention against Torture and 
The potential of epigenetic methods to 
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Key points of interest 
• Epigenetic marks are DNA modifica-
tions that affect gene activity without 
altering the underlying genetic infor-
mation.
• Changes in epigenetic marks are associ-
ated with traumatic experiences.
• Methods that analyse epigenetic marks 
have the potential to contribute to the 
medico-legal documentation of torture. 
This potential should be explored.
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Other Cruel, Inhuman or Degrading Treat-
ment or Punishment, 1984; Rome Statute, 
1997). The importance of the term “sever-
ity” resides in that, despite the fact that it has 
no legal definition, is a major criteria used in 
judicial decisions to determine whether the 
treatment suffered by a person amounts to 
torture or not.1 However, UN treaty bodies 
interpret that the legal distinction between 
torture and inhuman or degrading treatment 
bears little relevance,2 a view supported by 
research indicating that the severity of mental 
suffering inflicted by torture and other forms 
of ill-treatment is similar (Başoğlu et al., 
2007). It has been proposed, therefore, that 
a common severity threshold should apply to 
both torture and cruel or inhuman treatment 
(Rodley & Pollard, 2009). With the exception 
of certain acts generally considered torture per 
se due to the intensity of suffering inflicted3 
(Maculan, 2015), it is necessary to evaluate 
whether the degree of severity reaches the 
common threshold to determine whether an 
act falls within the prohibition of torture and 
other ill-treatment.
Despite the fact that it is outlawed in most 
states, torture is still widespread in many coun-
tries (Amnesty International, 2018). Many 
forms of torture hardly leave any mark on the 
body (Greenberg, 2015; Petersen & Morentin, 
2019; Rejali, 2007; Ron, 1997). The absence 
1 See e. g. ECHR. (1978). Ireland v the United 
Kingdom, 5310/71, §167.
2 UN Committee Against Torture, General 
Comment No. 2: Implementation of Article 2 by 
States parties (2008), §§3-6; UN Human Rights 
Committee, General Comment No. 20: Article 7 
(Prohibition of Torture, or Other Cruel, Inhuman 
or Degrading Treatment or Punishment) (1992), 
§§3-4, 8-9, 14. 
3 ECHR. (2003). Aktaş v Turkey, 24351/94, §319; 
ECHR. (1997). Aydin v Turkey, 23178/94, §§83, 
86.
of physical proof hampers prosecution of per-
petrators and leaves victims with scant possi-
bilities to get justice, reparation and redress. 
It is therefore of paramount importance to 
find ways to prove torture when it leaves no 
visible signs on the body. Epigenetic changes, 
which are modifications of the DNA that do 
not affect the genetic information contained 
in it (Gibney & Nolan, 2010), are associated 
with traumatic events (reviewed by Vinkers et 
al., 2015; Zannas et al., 2015). Here, it is hy-
pothesised that torture, usually an extremely 
traumatic experience, can also be associated 
with epigenetic changes.
Methods
Several interesting reviews on the epigenetics 
of trauma and post-traumatic stress disorder 
(PTSD) have already been published (Hein-
zelmann & Gill, 2013; Sheerin et al., 2017; 
Vinkers et al., 2015; Zannas et al., 2015). 
This article has selected examples that illus-
trate how previous work on the epigenetics of 
trauma can inform future work on torture. 
To find out whether analyses of epigenetic 
changes in torture victims have been reported, 
searches included the scientific bibliographic 
databases PubMed (https://www.ncbi.nlm.
nih.gov/pubmed) and Google Scholar (https://
scholar.google.com/), using each of the terms 
“torture,” “refugee,” “asylum seeker,” “dis-
placed person,” “displaced population,” and 
“war victim” in combination with the term 
“epigenetics” or in separate combinations 
with the following terms, which refer to differ-
ent types of epigenetic marks: “DNA methyla-
tion,” “histone mark,” “histone modification,” 
“histone methylation,” “histone acetylation,” 
“histone ubiquitination or ubiquitylation,” 



























R E V I E W  A R T I C L E  
The difficulty of measuring the severity of 
suffering
An absolute degree of pain or suffering that 
sets the threshold for torture and other ill-
treatment has not been established (Maculan, 
2015), given that there is no objective method 
to measure pain or suffering and there is an 
enormous variation in physical pain sensitiv-
ity and mental suffering between different 
people (Başoğlu et al., 1997; Fillingim, 2005; 
Reyes, 2007). Factors related to torture itself, 
its physical effects and the general context in 
which it is inflicted also have to be taken into 
account (Maculan, 2015; Pérez-Sales, 2017; 
Reyes, 2007; Rodley & Pollard, 2009). It is 
difficult to reconcile the complexity of meas-
uring the severity of pain or suffering with 
the legal need for certainty in understanding 
where the threshold for severe pain or suffer-
ing is. There is a continuum in severity from 
the mildest forms of humiliation to the most 
atrocious forms of torture. It might seem 
arbitrary to set the threshold at a particular 
level, but at the same time it would be useful 
to set a loose boundary beyond which any 
treatment is considered impermissible. Some 
leeway would allow taking into account all the 
factors mentioned above.
Torture that leaves no permanent marks
There is a vast array of torture methods that 
do not leave permanent marks on the body, 
either because they do not produce them 
or because the marks disappear in a rela-
tively short time. These techniques include 
positional stress, exhaustion exercises, sleep 
deprivation, hooding, sensory deprivation 
or sensory overload, exposure to cold or hot 
temperatures, waterboarding, several forms 
of beating (for example, with rubber hose 
or sandbags), and electrotorture,  which can 
produce intense physical pain, mental suf-
fering and sometimes permanent physical or 
psychological damage (Carinci et al., 2010; 
Rejali, 2007; Williams & Amris, 2017). Al-
though psychological torture can sometimes 
also cause physical pain, it does not result 
in visible physical marks (Reyes, 2007). Ex-
amples of psychological torture methods are 
humiliation, death threats, mock executions, 
threats that another person will be killed or 
tortured, witnessing torture of others, solitary 
confinement, violation of taboos, and forced 
betrayal (Carinci et al., 2010; McColl, Bhui, 
& Jones, 2012; Reyes, 2007).
We tend to be more horrified by torture in-
volving physical cruelty, but the methods men-
tioned above can cause a similar level of distress 
(Başoğlu et al., 2007; Pérez-Sales, 2017). For 
instance, torture survivors often describe that 
witnessing torture of family members, or the 
threat of torturing them, is at least as distress-
ing as being tortured themselves (Başoğlu et 
al., 2007; Pérez-Sales, 2017). From the 1970s, 
countries like the United States, Israel and 
Spain, among many others, have moved from 
scarring physical torture to techniques that 
leave no permanent marks (Greenberg, 2015; 
Petersen & Morentin, 2019; Rejali, 2007; Ron, 
1997). In terms of proving the existence of a 
human rights violation, this absence of marks 
poses a considerable challenge.
Psychological effects of torture
The experience of extreme suffering that rep-
resents any type of torture has an emotional 
and psychological impact on the victim, which 
can result in mental health sequelae (Masmas 
et al., 2008; Rasmussen et al., 2011; Reyes, 
2007; Steel et al., 2009). Survivors range 
from those experiencing a small impact and 
showing no difference in mental health rela-
tive to the general population to those suf-
fering severe psychiatric disorders (Başoğlu 
et al., 1994; Kelly, 2011; Pérez-Sales, 2017). 
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on the survivor’s age, gender, resilience, pre-
paredness for torture and interpretation of 
meaning, in addition to social, cultural and 
political factors (Başoğlu et al., 1997; Reyes, 
2007). The torturing environment and the 
combination of several torture methods also 
influence the psychological effects (Pérez-
Sales et al., 2016). Torturers want to cause 
fear, anxiety, distress and a feeling of helpless-
ness in their victims, in order to break them 
psychologically. This can cause cognitive, be-
havioural and emotional problems (Campbell, 
2007; Carinci et al., 2010; Turner & Gorst-
Unsworth, 1990). Some of the most common 
psychological effects are irritability, sleepless-
ness, memory and concentration impairment, 
re-experiencing the trauma, avoidance of any-
thing recalling the torture events, anxiety, de-
pression, suicidal thoughts, mistrust of others, 
and depersonalisation (feeling detached from 
one’s body) (Carinci et al., 2010; Reyes, 2007; 
Turner & Gorst-Unsworth, 1990). 
Even if torture does not result in mental 
health symptoms in some survivors, it is a trau-
matic event. The severity of trauma depends 
on the emotional impact that torture has on 
the survivor, measured as the degree of distress 
and perception of loss of control, that is, the 
feeling of being at the mercy of others (Başoğlu 
et al., 2007; Reyes, 2007). The most preva-
lent trauma-related disorders among torture 
survivors are major depression and PTSD. 
It is not unusual for a survivor to have more 
than one disorder or to transition from one 
to another (Carinci et al., 2010; Nickerson et 
al., 2017; Weisleder & Rublee, 2018). Most 
survivors suffer depression, which has been 
associated with the experience of loss result-
ing from torture. It can be loss of parts of the 
body, physical health, bodily functions, family, 
work or credibility (Turner & Gorst-Un-
sworth, 1990).
The most frequent psychiatric disorder in 
torture survivors is post-traumatic stress dis-
order (PTSD) (Carinci et al., 2010), with con-
siderably higher prevalence than in the general 
population (Başoğlu et al., 1994; Jaranson et 
al., 2004; Masmas et al., 2008; Van Ommeren 
et al., 2001). It is important to stress that not 
developing PTSD does not mean that the 
person has not been tortured (Pérez-Sales, 
2017). Neither does PTSD, nor other long-
term mental health sequelae, such as depres-
sion, reflect the severity of the treatment. Some 
people subjected to extremely harsh torture 
may not develop PTSD, whereas some people 
subjected to milder forms of torture may 
develop it. However, the severity of mental 
suffering correlates with greater likelihood of 
developing PTSD and depression (Başoğlu 
et al., 2007). Despite the fact that it is cur-
rently impossible to distinguish PTSD associ-
ated with torture from PTSD caused by other 
traumatic events, a PTSD diagnosis in a sur-
vivor is consistent with severe mental suffer-
ing and, together with other evidence, can be 
used to support torture claims (Reyes, 2007). 
Overall, any torture method causes traumatic 
stress, which often results in long-term psy-
chological and mental health sequelae, with 
profound effects on the survivor’s life (Carinci 
et al., 2010).
The need for biological markers when 
torture leaves no physical marks
The idea behind the transition to torture that 
leaves no permanent physical marks is that if 
there are no visible marks, the perpetrators 
will easily evade accountability. These torture 
methods leave the survivor, and the families 
of those who do not survive the experience, 
with little evidence to claim justice, reparation 
and redress. Torture that leaves no marks has 
little visual and public impact (Rejali, 2007), 
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their laws, policies and practices. In addition, 
many stealth techniques do not require any 
technology at all and go undetected easily 
(Rejali, 2007). It is far more difficult to 
prevent, monitor, detect and prosecute no-
marks torture than torture that causes physi-
cal injuries. The same problems exist when 
physical torture leaves marks but they have 
disappeared by the time the survivor is exam-
ined by a health professional. Furthermore, 
the narrative of torture survivors is often 
“circuitous, devious and evasive” rather than 
linear (Roth, 2013, p. 335). Torture, as an ex-
tremely distressing event, is particularly dif-
ficult to recount (Gorman, 2001). Survivors’ 
testimonies can at times show inconsistencies 
and may not be able to provide precise details 
about the date, location or perpetrators. This 
can be the consequence, for instance, of the 
circumstances of torture, such as if the victim 
was blindfolded, of memory impairment re-
sulting from physical or psychological damage 
caused by torture, or of fear of putting them-
selves or others at risk (McColl et al., 2012).
Psychological assessments are of para-
mount importance in documenting torture 
allegations and in evaluating the sever-
ity of suffering and the effects of torture in 
mental health (Campbell, 2007). However, 
the absence of physical signs and often wit-
nesses, together with difficulty in providing a 
clear narrative of the torture events, often puts 
into question the credibility of torture allega-
tions. In the last two decades, several tools 
to assess the consistency of torture narratives 
have been developed, including the guide-
lines of the Istanbul Protocol (2004). Cred-
ibility assessments can be the only evidence 
that many survivors have to support their 
legal cases (Pérez-Sales, 2017), but judges can 
refuse to accept them (Good, 2004). In ad-
dition, there can be considerable variation in 
the level of credibility determined by differ-
ent observers, even when there is physical evi-
dence of torture (Petersen & Morentin, 2019). 
Credibility assessments, then, are relevant to 
support torture allegations, but often are not 
sufficient by themselves. Also, psychological 
assessments can occasionally be manipulated, 
especially if the expert is not independent.4
In the light of all of the above, an import-
ant challenge is to obtain additional evidence 
of torture, especially when there are no physi-
cal marks. Pérez-Sales (2017) points to the ne-
cessity of finding biological markers associated 
with psychological torture and that can dis-
criminate, if possible, torture from other types 
of trauma. The idea is to find specific and ob-
jective evidence of torture and of the severity 
of its effects (Pérez-Sales, 2017)). Given that 
torture affects brain functioning, methods that 
analyse brain structure or neural activity have 
the potential to provide relevant information. 
Research using neuroimaging techniques has 
shown that the volume of the hippocampus is 
reduced in people with PTSD in comparison 
with traumatised people without PTSD and 
non-traumatised controls (Karl et al., 2006; 
Kolassa & Elbert, 2007). However, these find-
ings have to be interpreted with caution, given 
that differences in hippocampal volume may 
result from genetic risk factors for PTSD (Gil-
bertson et al., 2002; Zhang et al., 2014). Anal-
yses of neural activity suggest that individuals 
with PTSD, including torture survivors, show 
specific activation patterns in response to dis-
turbing stimuli (Adenauer et al., 2010; Catani 
et al., 2009). These results are promising, but 
neural activity patterns are not always repro-
ducible and are sometimes difficult to interpret 
(Nash et al., 2014). Moreover, neuroimaging 
4 See, for example, Inter-American Commission 
on Human Rights. (2018). Olivier Acuña Barba 
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procedures are expensive and require special-
ised equipment to which, depending on the 
context, torture survivors may not have access.
The levels of cortisol, a steroid hormone in-
volved in stress responses, are altered in people 
who have suffered trauma (Steudte-Schmied-
gen et al., 2016). Although a study of cortisol 
levels included torture survivors, it was not de-
signed to test a correlation of cortisol levels with 
torture (Gola et al., 2012). Therefore, changes 
in cortisol levels are associated with trauma, but 
an association with torture has not been estab-
lished yet. Altogether, it can be concluded that 
no specific biological markers of torture have 
been found so far. It is, therefore, of paramount 
importance to find new ways to document cases 
of torture when there are no visible signs on the 
body. In the next section, the potential of state-
of-the-art molecular biology techniques, in par-
ticular epigenetic methods, to provide evidence 
of torture is analysed.
The potential of epigenetic marks as 
biological markers of torture
What are epigenetic marks?
Our genetic information is encoded in our 
DNA, which can be understood as contain-
ing a language (the genetic code). The set of 
genes of an organism (the genome) can be 
understood as a handbook of life written in 
this language. Your DNA contains the instruc-
tions to make you and not any other person 
or any other living being. But you are not only 
what your genes determine; you are the result 
of the interaction between your genes and the 
environment, between your genes and your 
experiences (Tiffon, 2018). We can under-
stand a gene as an instruction. For example, 
we have a gene with the instruction to make 
insulin, which is involved in sugar metabolism 
and the control of blood sugar levels (Röder 
et al., 2016). A genetic change — what is 
called a mutation, that is, a change that affects 
the information contained in the gene — in 
the insulin gene can render insulin inactive, 
leading to diabetes (Nishi & Nanjo, 2011). In-
structions that are absolutely essential for life 
are given constantly, whereas other instruc-
tions are given at a particular moment, under 
particular circumstances or at particular 
places. For example, the insulin gene is only 
active in certain pancreatic cells (Röder et al., 
2016). Instructions can be given in many dif-
ferent ways: genes can be expressed (active) 
or silent (inactive) and changes in gene activ-
ity can be sudden or slow and gradual, slight 
or massive, long-lasting or transient. Thus, 
gene expression can be fine-tuned in a very 
dynamic way.
Epigenetics refers to features of the DNA 
that affect gene activity without changing its 
genetic information. Epigenetic marks are ele-
ments that are bound to the DNA and can be 
added or removed readily. We can understand 
epigenetic marks as tags that give orders to 
modulate gene expression (Gibney & Nolan, 
2010). There are tags that make genes more 
active and tags that reduce their activity or 
turn them silent. The type, number and posi-
tion of epigenetic marks in a gene determine 
gene activity. There are several types of epi-
genetic marks. Some of them directly bind the 
DNA, whereas others bind components asso-
ciated with the DNA called histones (Gibney 
& Nolan, 2010). The main mark directly 
bound to the DNA is called DNA methylation, 
which is a stable epigenetic mark that reduces 
or silences gene expression (Jaenisch & Bird, 
2003). For example, expression of the insulin 
gene is regulated by DNA methylation, such 
that this gene is expressed only in the pancre-
atic cells in which the gene is not methylated, 
allowing the gene to be active (Kuroda et al., 
2009). Epigenetic change, that is, the addition 
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process that contributes to the regulation of 
gene expression (Gibney & Nolan, 2010). 
There is clear evidence that gene expression 
can change in response to environmental 
factors, such as temperature or nutrition. The 
environment affects gene expression in part 
through epigenetic changes (Cavalli & Heard, 
2019; Jaenisch & Bird, 2003).
Stress and trauma are associated with epigenetic 
changes
Numerous studies have found that epigenetic 
changes, in particular in DNA methylation, 
are associated with stress and trauma. Some 
of these investigations have analysed meth-
ylation in the whole set of genes, whereas 
others have analysed methylation in specific 
genes that are involved in responses to stress 
or trauma (reviewed by Vinkers et al., 2015; 
Zannas et al., 2015). The main candidate 
genes analysed in relation to traumatic stress 
are those with the instructions to produce 
the glucocorticoid receptor and the seroto-
nin transporter. The glucocorticoid recep-
tor binds steroid hormones, mainly cortisol, 
and is involved in responses to stress and, in 
mice, in the regulation of anxiety, aggression 
and cognitive performance (de Kloet et al., 
2005). The serotonin transporter is involved 
in the function of serotonin, a neurotrans-
mitter, which has been related to depressive 
disorders (Nautiyal & Hen, 2017). Most 
research on the epigenetics of trauma has 
been performed on patients with PTSD in 
order to identify genetic risk factors for this 
disorder (Sheerin et al., 2017; Zannas et al., 
2015). Although differences in DNA meth-
ylation between patients with PTSD and 
trauma-exposed controls without PTSD 
have been detected in several genes (Sheerin 
et al., 2017; Zannas et al., 2015), the design 
of these studies does not allow concluding 
whether the epigenetic changes result from 
the trauma experienced.
A number of studies show a correlation 
between certain epigenetic marks in adults 
and childhood trauma, including early paren-
tal loss, physical and sexual abuse (reviewed by 
Vinkers et al., 2015). Not only does this show 
that traumatic stress is associated with epigen-
etic changes, it also suggests that these changes 
persist for years. In a study of DNA methyla-
tion levels in the glucocorticoid receptor gene 
in adults with mental disorders, higher meth-
ylation levels were found in persons that had 
been sexually abused during childhood com-
pared to non-sexually abused persons (Perroud 
et al., 2011). Similarly, physical abuse, physical 
neglect, emotional abuse and emotional neglect 
during childhood were associated with high 
methylation levels in this gene. This study also 
found a correlation between increased severity 
of sexual abuse and increased DNA methyla-
tion, and between more abuses and increased 
methylation in the glucocorticoid receptor 
gene, suggesting that high levels of certain epi-
genetic marks might be used not only as biolog-
ical markers of trauma, but also as indicators 
of the objective severity of the abuse.
These results, which were obtained using 
blood samples, extend previous work done 
with brain samples of suicide victims with a 
history of childhood abuse, which also showed 
higher methylation levels in the glucocorticoid 
receptor gene than those of non-abused suicide 
victims (McGowan et al., 2009). As blood 
samples show similar results to brain samples, 
it is not necessary to use brain samples for this 
type of research, and, therefore, it is possible 
to study epigenetic changes in living persons. 
Increased methylation of the glucocorticoid re-
ceptor gene is associated with reduced expres-
sion of this gene in the brain, which suggests 
that these epigenetic changes result in changes 
in gene activity that can affect the response to 
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a different group has found that higher meth-
ylation levels of the glucocorticoid receptor 
gene are associated with clinical severity in 
borderline personality disorder patients with a 
history of childhood trauma (Martín-Blanco et 
al., 2014). Therefore, at least two studies have 
found correlations between methylation of this 
gene and severity, although in one case sever-
ity refers to the treatment and, in the other, it 
refers to clinical symptoms.
Studies of epigenetic marks in other 
genes, including the serotonin transporter 
gene, have also shown an association of epi-
genetic changes with childhood trauma (H.-J. 
Kang et al., 2013; Vijayendran et al., 2012), 
although other studies have not found such 
correlation (Marzi et al., 2018; Wankerl et 
al., 2014). Several analyses of DNA methyla-
tion in the whole human genome have found 
higher or lower levels of methylation in nu-
merous genes in individuals who had suffered 
childhood abuse in comparison with control 
individuals who had not experienced trauma 
(reviewed by Vinkers et al., 2015). In addi-
tion to these reports of exposure to trauma 
in early life, several studies have shown as-
sociations between alterations in methylation 
levels of several genes and war-related PTSD 
in veterans (Kang et al, 2019; Kim et al., 2017; 
Rusiecki et al., 2012; Yehuda et al., 2015), sug-
gesting that trauma in adult life also correlates 
with DNA methylation changes. 
In some cases, different studies have re-
vealed epigenetic changes in different parts 
of the same gene. However, the methods 
used differ between studies and therefore the 
results are not directly comparable, which 
might explain some of the differences found 
(Vinkers et al., 2015). Although not all studies 
have found correlations between changes in 
DNA methylation and traumatic stress, and 
there is not always consistency between 
studies, there is increasing evidence support-
ing this correlation. Two types of experiments 
give strong support to the idea that stress and 
trauma induce epigenetic changes. On the one 
hand, experiments in rats showed that reduced 
maternal care increases methylation of the 
glucocorticoid receptor gene in the offspring 
(Weaver et al., 2004). On the other hand, high 
methylation of genes involved in the regula-
tion of sleep/wake cycles results from acute 
sleep deprivation in humans (Cedernaes et al., 
2015). The field of epigenetics is young and 
rapidly evolving. Although many findings need 
further confirmation or development, it is a 
field with a very promising future.
Can epigenetic methods be used to provide 
evidence of torture?
The association of epigenetic changes with 
traumatic and stressful events has led to 
naming these changes “molecular scars” 
(Tsankova et al., 2006, p. 523). Given that 
torture is an extreme form of trauma, it is 
conceivable that it is also associated with this 
type of scars in the victim’s DNA. It would 
be feasible, then, to test whether torture sur-
vivors show stress- or trauma-related epige-
netic changes. The fact that changes in DNA 
methylation can be detected in adults after 
a history of childhood trauma (McGowan 
et al., 2009; Perroud et al., 2011), suggests 
that traumatic events may be traced in the 
DNA after several decades. Therefore, if 
such marks were associated with torture, it 
might be possible to detect them years after 
the torture event took place. Molecular scars 
might persist for a longer time than some 
physical scars and might be present in sur-
vivors of torture that leaves no other visible 
marks. Epigenetic methods, therefore, have 
the potential to provide scientific evidence of, 
or consistent with, torture even if years have 
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Despite this potential, systematic bib-
liographic searches did not retrieve any report 
on the use of epigenetic methods to detect as-
sociations of epigenetic changes with torture. 
The searches retrieved a number of articles 
dealing with the epigenetics of traumatised 
individuals, some of whom had experienced 
torture, but none of these articles specifically 
addressed potential links of epigenetic changes 
with torture. The present article argues that it 
is worth testing whether these links exist and, 
if this were the case, whether the changes asso-
ciated with torture can be distinguished from 
those associated with other types of trauma.
Advantages and limitations of epigenetic 
methods and ethical considerations 
The use of DNA analyses has meant a re-
markable improvement for forensic genet-
ics not only in criminal, but also in human 
rights investigations (Kirschner & Hannibal, 
1994; Williams & Wienroth, 2017). Forensic 
epigenetics is an emerging area of forensics 
that is already being used to try to determine, 
using biological samples, the age of a person 
and to differentiate between identical twins 
(Vidaki & Kayser, 2018). It would be worth 
testing whether this area can be extended to 
the documentation of torture. The idea would 
not be to replace other forms of evidence 
already available, but to provide additional 
proofs consistent with the torture suffered, 
especially when there is no other physical 
evidence. If epigenetic methods were useful 
to provide evidence of torture, they might be 
considered in the future for inclusion in the 
Istanbul Protocol.
Taking into account that different environ-
mental factors result in epigenetic changes in 
different genes (Jaenisch & Bird, 2003), it can 
be speculated that different types of torture 
might be associated with epigenetic changes in 
different sets of genes. Similar to DNA methyl-
ation changes in genes involved in sleep/wake 
cycles caused by sleep deprivation (Cedern-
aes et al., 2015), it can be hypothesised, for in-
stance, that positional stress might affect genes 
involved in muscle function, and death threats 
or torture threats might affect genes involved 
in fear responses. Perhaps, then, certain epi-
genetic changes might be distinctive of par-
ticular torture methods, whereas changes in 
genes involved in general responses to trauma 
would not be distinctive of torture. Other epi-
genetic marks, in addition to DNA methyla-
tion, might be explored. For example, changes 
in histone acetylation have been linked to 
major depression, memory impairment and 
cognitive problems (Penney and Tsai, 2014; 
Uchida et al., 2018), which are common se-
quelae of torture. Although we are still far from 
understanding the effect of trauma-associated 
epigenetic changes on health, physiology and 
behaviour, future research may shed light on 
this and therefore open avenues to help miti-
gate the effects of trauma in torture survivors, 
contributing to their rehabilitation.
Higher levels of DNA methylation have 
been associated with the severity of trauma-re-
lated clinical symptoms. It would be possible 
to test whether different levels of suffering cor-
relate with higher or lower levels of epigene-
tic marks to try to determine the severity of 
torture. However, even if epigenetic methods 
could give a measure of the severity of suf-
fering, it would not be easy to establish a se-
verity threshold because there is a continuous 
gradation of severity from the mildest forms 
of degrading treatment to the cruellest forms 
of psychological and physical torture (Başoğlu 
et al., 2007). A question that needs to be an-
swered is whether the epigenetic changes are 
associated with the traumatic event itself or 
with the mental suffering caused by the event. 
Traumatic stress is related to subjective sever-
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fore, is not directly caused by the torture 
event itself, but by its perceived stressfulness 
and uncontrollability (Başoğlu et al., 2007). 
In this regard, not all torture survivors expe-
rience mental disorders (Kelly, 2011). Sim-
ilarly, it can be hypothesised that epigenetic 
alterations might not be present in every tor-
tured person. It is not inconceivable that, in 
the future, the presence of certain epigenetic 
changes might indicate a prohibited treatment, 
whereas their absence would not necessarily 
mean that torture has not been inflicted. As 
the Istanbul Protocol states (§ 161), absence of 
evidence does not mean evidence of absence.
It is worth noting, although this will not 
be considered in depth here, that there is ex-
tensive literature on the intergenerational 
transmission of trauma effects, including the 
impact of parental torture on children (Bowers 
& Yehuda, 2016; Daud et al., 2005; Dekel & 
Goldblatt, 2008; Plant et al., 2018; Sangalang 
& Vang, 2016). Evidence that epigenetic marks 
can be inherited is also increasing (Skvortsova 
et al., 2018). In humans, there is controversy 
over whether the transmission of epigenetic 
marks across generations occurs through the 
germline or through environmental or cultural 
effects (Horsthemke, 2018). Even with this 
caveat in mind, a few studies have explored the 
association of epigenetic marks with the trans-
mission of trauma and stress to the offspring, 
albeit with conflicting results (Ramo-Fernán-
dez et al., 2019; Yehuda et al., 2014; Yehuda 
et al., 2016). This field of research, identified 
as a priority in the context of torture (Pérez-
Sales et al, 2017), deserves further attention.
An important limitation of the epigene-
tic analyses of trauma performed so far, with 
the exception of some experiments performed 
in animals and sleep deprivation experiments, 
is that only correlations have been found. It 
is difficult to establish a causal relationship 
between trauma and epigenetic changes in 
human beings. Given that it is ethically in-
admissible to subject people to traumatic ex-
periences, let alone to torture, for scientific 
purposes, establishing whether epigenetic 
changes result from torture would be chal-
lenging. In addition, the task of associating epi-
genetic marks specifically with torture, rather 
than with other traumatic events in a partic-
ular survivor, may find the same problems as 
associating PTSD with torture. For example, 
in the case of refugees who have experienced 
torture, the process of migration very often 
involves traumatic events, and this makes vir-
tually impossible to discern whether PTSD is 
the result of torture or other traumas (Ras-
mussen et al., 2011). Nevertheless, epigenetic 
changes might still provide evidence consistent 
with torture, which would be helpful when 
there is no other physical proof. Another lim-
itation is that epigenetic methods, in principle, 
cannot determine the time when the epigen-
etic changes occurred. In addition, some of 
the methods are expensive and require spe-
cialised equipment, but DNA technologies 
evolve rapidly and become cheaper in a rela-
tively short time. Also, the epigenetic changes 
associated with trauma are usually small and 
not always reproducible or statistically robust 
(Houtepen et al., 2018; Vinkers et al., 2015), 
which might limit their validity as biomarkers. 
It would be necessary to establish laboratory 
standards in order to ensure the effectiveness 
of the investigations and the robustness and 
reliability of the results. 
Epigenetic marks can vary across tissues, 
but the type of tissue samples that can be 
obtained from living individuals is limited. 
Samples that have been used for trauma-re-
lated epigenetic analyses include saliva and 
buccal epithelial cells, which can be collected 
by non-invasive and painless methods, and 
blood (Vinkers et al., 2015). It is not known 
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relate with other tissues, such as the brain, 
although the results obtained for the glucocor-
ticoid receptor gene in blood seem consistent 
with those obtained in the brain (McGowan 
et al., 2009; Perroud et al., 2011). The type of 
samples that can be used would not be a lim-
itation when torture results in death, as long 
as samples can be collected from the victim, 
since epigenetic changes associated with ear-
ly-life trauma can be detected post-mortem 
(Labonté et al., 2012; McGowan et al., 2009).
The same ethical concerns as in any sci-
entific research done with human samples 
have to be taken into account. All the bioeth-
ics principles, such as those established in the 
Declaration of Helsinki (2013) and in the Con-
vention on Human Rights and Biomedicine 
(1997), must be respected. These include, for 
instance, avoiding all unnecessary physical and 
mental suffering; obtaining free and informed 
consent; and allowing the subjects to with-
draw from the experiments or withdraw their 
consent when desired. It is essential to bear in 
mind that torture survivors can be especially 
vulnerable and, therefore, the highest ethical 
standards must be observed. Also, re-trauma-
tisation must be avoided and the collection of 
samples must be done using the least invasive 
procedure. For example, saliva samples would 
be preferable to blood samples. The methods 
to analyse some epigenetic marks, such as 
DNA methylation, involve revealing at least 
part of the DNA sequence (the genetic infor-
mation) of the subject. Torture survivors must 
be protected from the use against them of their 
genetic and epigenetic information revealed by 
these methods. It will also be crucial to guar-
antee data privacy and confidentiality of all 
information collected from torture survivors, 
including genetic and epigenetic information.
Finally, before epigenetic methods can be 
used to provide evidence of torture, extensive 
discussions with different experts, including 
epigenetics scientists, health professionals spe-
cialised in the assessment and treatment of 
torture survivors, forensic scientists, bioeth-
icists, and legal experts must be undertaken. 
Also, it would be essential to take into account 
the perspective of torture survivors, as they 
would be the direct beneficiaries of the appli-
cation of these scientific methods.
Conclusion
It is often difficult to prove that a person 
has been tortured when there are no physi-
cal marks. Finding biological markers of this 
extremely traumatic experience would be 
crucial to provide proof of torture in these 
cases. So far, no such markers have been 
found. Methods to detect epigenetic changes 
in the DNA offer a novel technology that 
may be tested for this purpose. Epigenetic 
changes have been associated with several 
types of traumatic stress. Using the DNA of 
torture victims, it should be possible to de-
termine whether there are differences in epi-
genetic marks between them and people who 
have not been tortured, as well as between 
torture victims and people who have suffered 
other types of traumatic stress, that is to say, 
whether there are epigenetic marks that are 
distinctive of torture. Whether these methods 
can be used to determine the severity of the 
traumatic stress associated with torture or 
other forms of ill-treatment is at least a theo-
retical possibility. It can be concluded that 
epigenetic methods have the potential to 
provide evidence of torture and perhaps de-
termine its severity. However, caution must 
be exercised to avoid overpromising. Whether 
this potential will be realised is not known, but 
given the necessity to prove torture, especially 
when there are no physical marks, it would be 
worth testing it. The interpretation of results 
will have to take into account the limitations 
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the bioethical principles that regulate scien-
tific research using human samples will also 
be essential.
If torture left marks in the DNA, reveal-
ing these marks would be useful for the med-
ico-legal documentation of torture. Torturers 
would find much more difficult to evade ac-
countability and potential perpetrators would 
be more likely to refrain from torturing. Bi-
ological markers of torture would contrib-
ute to provide justice, reparation, remedy, 
redress, and perhaps rehabilitation to survivors 
and families of victims. If epigenetic marks 
of torture were found, this would show that 
torture affects our very biological essence, the 
DNA carrying the genetic information that 
makes us human. This would lend further 
support to the absolute prohibition of torture 
and perhaps would help to refine the definition 
of torture on the basis of scientific evidence.
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